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The application of the results of model tests to full

size construction assumes either that the resistance varies

as the square of the speed within,the range of speeds in ques-

tion or that the mechanical similarity law is fulfilled by

the model test. This latter requires, in addition to geomet-

rical similarity, that the relation of the airflowto the

model, both geometrically and mechanically, be exactly like

that for the large machine.

This relation holds, as Reynolds has shovm, when the ex.

v t the so-called “Reynolds number” is the same bothpression ~,

for the model

air or flying

case the wing

test and for actual flight, Here v signifies ,

speed,t a linear dimension of the body, in this

chord, U the kinematic viscosity of the medi-

Viscositurnin Which the motion takes place (u =
Density‘). If,

as in the usual case, the m~el is tested in the same medium

as that in whioh the body is later to be propelled; then u is

constant except for comparatively small changes with pressure

* Sonderabdruck aus “Zeitschrift f&r F1-igtechnikund Motor.
luftschiffahrt’11919, Heft 5 u. 10.
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and temperature, so that ths law of similarity is fulfilled

When the parameter E = vt is the same in both cases.* For

vi%rioussized but geometrically similar bodies with the same

parameter the same air forces will be developed. Unfortu-

nately it often occurs that the parameter for full flight can

not he duplicated in the tunnel~ because either the model,

would have to be tco large or the required wind speed is not

attainable.** In suoh cases one must be content to determine

the relations between Lift and Drag coefficients and the par-

ameter up to the highest possible values of vt and to ex-

trapolate for the forces on the actual machine.

The law of squared resistances states that air forces

are proportional to the square of the velooity. This leads

the following formlas for

Drag =

Lift =

lift and drag coefficients:***

~wF3-v2=cw Fq
2g

> ~2caF2g =ca Fq3

to

The numerical value of the parameter is here taken as the
velocity in meters per seoond multiplied by the specified
linear dimensions in millimeters. (The Reynolds number,
an absolute coefficient, is about ?0 times greatex.)

** This method falls dOWm even if very high wind speeds are
attainable because of the critical ranges governed by
the compressibility of air and hence by the variable V
“ratherthan the product V1 (See Prandtlts oommnt on high
speed research by Caldwell and Fales, and blue print A5
from Paris Office, N.A.C.A.) DLB.

*** fJ

a =lift coefficieirt
Cw =drag coefficient
F = wing area in ma
“i = specific gravity
v = air s~eed m/see.

b = span

of air Kg/ins

Q .&va

t = chord

“i(& mm) = 93 x Vt -@&}.
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in which c w and Ca are seen to be constant for a oonstant

angle of incidence. Several earlier works on the investiga-

tion of the resistance of various bcdies* have demonstrated

that this law does not hold for all speeds- Sudden discon-

tinuous variations of the values for Ca and Cw at certain

‘criticall[air speeds and also gradual changes of these values

if plotted against vt are noticeable. In the first of the

reports referred to examples of each kind are given. First,

the discontinuous changes were thoroughly investigated and it

was found that the more slender the body under test the.lower

the value of the parameter corresponding to the point of crit-

ical flow. Aerofoils are always slender bodies in this sense.

Dimensions of model and speeds of tests must be so chosen

that at least a portion of the experimental curve lies above

the critical range so that no serious irregularities intervene

between the conditions of test and those of full flight.

It is always important to carry out the tests, even with

wings, to the highest value of vt possible so that the rate

cf change of lift and drag coefficients may be plotted against

vt for the model and from these the actual f~l size value

may be estimated. This purpose is served by the investiga-

tions here reported.

Five different wing curves were investigated.

“Prandtl “Der Luftwiederstand von Kugeln, Nachrichten der Ge-
sellschaft.ender Wissenschaften zu G&tingen,” Math.-Phys.
Klasse, 1914.

C. Wiese~sberger, desgl. Zeitschrift f. Motorl und Flugtech-
nik, 1914.

M. Munk, Luftwiderstandsmessungenan Streken, T.B. Bd..1, Heft
4, S.85.
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K.w.w. 354
H.W.F. 355 & 356
JI.V,A.357 & 3!58

.
Three sizes of model for eaoh curve were built, having

the following dimensions:

Span 1500 mm. Chord 600 MlIl.
n 1000 “ n 200 “
11 ?20 “ n 120 “

The large surfaces which were built uP’like actual air-

plane wings (of ribs and fabric), were tested between flat

walls to minimize interference, the others vz?retested in a

free air stream of circular cross-section. Using those mod-

els having a ohord of 6~ mm. and the highest speed (50 m\sec)

now available (191.9)a parameter of 30,000 m/see. x mm. can

be reached, with corresponding forces which ap~roach those

obtained in actual flight.

correspond in size to those

of aerofoil sections.

The smallest wings, 700 X 120 mm.,

previously used for investigations

These wings mre previously tested in the old tunnel un-

der the former standard conditions of v = about 9 m/see.

E ‘108O m/see. x mm., and also ip the new tunnel at lo~er and

higher speeds. (v = 5, 10, 20, 35 m/see,, and E = 600, 12C)0,

2400, 4200 m/set3.X mm.) It is thus ~ssible to compare the

numerous measurements in the old tunnel with those of the new,

In addition to the several values of the parameter, the dif-

ferences in the air circuits, such as open and enclosed

streams~ and varying degrees of turbulence in the two tumnels
~

have an appreciable effect. The intermediate size of model

(1000 X 200 mm.) have been adopted as standard for routine ,
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wing testing in the new tunnel. These models were tested at

speeds of 10, 25 and 40 m/see., corresponding to a parameter

of 2000, ‘5000 and 8000 m/see. x mm.

Of the six large wings, two were supplied by the Kaiser-

lichen Werft, Wilhelmshaven, two by the Hannoverschen Waggonfab-

rik, and two were made at the Research Laboratory. These were

built up in the same manner as actual ‘wings. On the front

spar, a 3/4 inch gas pipe, mre fastened eight ribs, the outer

ones spaced at 250 and the inner ones at 160 mm., while between

each pair of these were two or three false ribs, all stiffened

by diagonals. The rear spar ma wooden. The trailing edges

of_the two wings from the Hannover Waggonfabrik are formed of

a small steel wire, those of the remaining wings are of wood

formed to the required profile. The wings from the Hannover

Waggonfabrik and from the Research Laboratory are covered with

fabric ktiileof those from the Kaiserlichen Werft Wilhelmsha-

ven only

profile,

being to

one was fabric covered; the second> having the same

was covered with wooden veneer, the object of this

provide a mesas for measuring the effect of sag in

the fabric. The models of the two other series were made in

the customary manner from plaster over a metal core. The pro-

files for these wings were obtained fi?ommeasurements of the

first series. For this purpose the profile was measured on a

rib and half way between a pair of ribs and the average value

taken. The requirements of geometrical similarity between the

large and small models are therefore md strictly fulfilled.
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The same objection applie”sof course to the “surface quality~’

of the fabric and plaster oovered wings. In this respect ex-

act similarity is seldcm reaohed.

In testing the two small models no noteworthy departure

was made from custcmary practice. The methods used in the old

tunnel have already been described,* those of the new tunnel

correspond with them in the most important features. In both

cases the customary measureme~ts of drag, lift and moments were

made. The method of testing the large wings is shown in Fig. 1.

The wing hangs on eight wires, four being attached to the front

spar and four to the rear spar. All eight wires are fastened

to a beam G supported on a platform scale by means of which

the sum of the wire-pulls, i.e., the total lift, is measured.

The position of center of pressure of the resultant was not de- ,

termined. The wires to the rear spar served as a means to ad-

just the angle of incidence. The drag was measured by means

of the projecting ends of the front spar.

The large wings had, as stated, a 1.5 meter spsn and the

air stream had a width of 2.2 meters. The effect of the re-

stricted width of the air stresm on the forces (the law of

similitude assumes an air stream of the infinite extent) and

the small aspect ratio of the tigs (2.5] had to be eliminated.

For this purpose, in order to obtain as evenly distributed a

flow as possible across all sections of the wing, two vertical

walls 2.5 m. long by 2 m. high and extending above the air

stream were erected adjacent to the ends of the model wing.
n

D. L. Prandtl, Die Bedeutung von Modellversuchen ~ur die L~t-
schiffahrt und Flugtec~ik und die Einrichtung fur solche
Versuche in C#5ttingen,Zeitschrift d. Vereines deutscher Ing-
enienre 7.909. S4. 7?77 ,,
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The wing Wst be br~ght close to these

interfering with the force measurements. To

walls without

this end two

plates S, 96o mm. in diameter were fastened to the overhang-

ing ends of the front spars, flat against the ends of the wing,

and clearing the side -11 and labyrinth plates D by only

three millimeters on each side. Although the difference in

pressure between the upper and lower sides of the wing tends

to cause a leakage around the wing tip this is effectively pre-

vented by the small clearance and the labyrinth cells.

The end loss is thus eliminated and if the air stream were

unbounded, both above and below, the measured drag would be on-

ly profile resistance. However, the available depth of air

stzeam is onlY about 1 meter above and below the wing. Because

of the lift produced by the wing, this stream will be deflected

Ca .~*. The relations for the wingthrough a knom angle p . .=
pl

in the air stream, which approaches in a straight line, and on

flowing off, is deflected at the angle ~ are very nearly the

same as though the air stream were of infinite extent and de-

flected through an angle ~ /2, The resultant air force is

then turned through ~ /2. We thus have, according to the usual
*
The angle @ may be calculated as follows:
Let the speed of the undisturbed air stream be v, the ver-
tical component of the velocity, produced by the wing (Area
F mz) w, the cross sectional area of the air influenced by
the wing, i.e., that portion of the air stream bet~en the
vertical walls be Ft. The vertical reaction of the di-
verted air is equal to the lift. The mass of air flowing
per second

~. FI . ~M=_
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revolution of wind forces, a resistance analogous to edge re-

sistance.

or, substituting the above value of ~

which gives

Cwl = Caa . ~,

in place of
Caz

=—
Cw’ Tr “i?

as for edge resistance.

With the present arrangement (b = 1.5 m., diameter of air

stream = 2.2 E., consequently F~ = 3.105 rf12)the resistance

coefficient is the same as for a wing of 1 : 4.4 aspect ratio

in the ideal air stream. A correction is also necessary for

the small wings tested in the-circular air stream (new tunnel)

because of the deflection of the c~rent. A more thorough

report on this will be presented later.

In order to prevent any possible contactmbetween ps+ts in

the labyrinth construction, the front spar was guided by means

of two turnbuckles amd a spring C (Fig. 1). The discs S .

were built so stiff that they did not bend appreciably und~r

the difference in pressure. The inqer sides of the discs .

were covered by sheet metal plates B in order to minimize

the undesirable effect of frictional resistance. For the same

reason the projecting ends

from the wind. The plates

of the front spars were shielded

were cut away sufficiently to allow
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the wing to swing through the desired angle of incidence.

The results of the investigation are given in Tables 1 to

5, and are plotted in Figures 3a to 7a. The curves are drawn

upon the customary Ca to Cl,waxes. All values are reduced

for the sake of comparison to’an aspect ratio of 1:6.* In

Figures 3a to ?a the upper left hand diagram shows the coeffic-

ients for the 600 mm. chord wing in the new tunnel, the lower

right hand diagram those for the new standardize, 1000 X

200 mm. in the new tunnel, the lower left shows the results

from the old standard size, 720 X 120 mm., ad the upper right

the comparative tests with these models in the new tunnel.

In generaJ the curves (Figs. 3a to 7a) indicate that the

characteristic properties of a section sooner or later undergo

a sudden change and that this change takes place at a compara-

tively low value of E. Measurements corresponding to values

of E below 600 m/see. are the only ones that cannot be used.

In this region the polar curves assume a new positicm near

that for higher parameters. The effect of the critical point

has not yet disappeared however. In consecutive tests widely

varying measurements are obtained. In these cases only aver-

age values are shown on the polar charts. The polar for the -

veneered surface of section No. 354 show the same essential

characteristics as that of the correspmding fabrio covered

wing. In Fig. 6 polars for these tings are shown for E = 12,000

and 21,000 m/see. m. The effect of sag in the fabrio is not

noticeable.

With a more

ie=aklle

Incidentally, the sag on this wing is

heavily cambered W@g-the effect might

(* Qaa m 7n}

rather small.

be’”morenot-
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The considerable decrease of the drag coefficient with in-

creased parameter is striking though not unexpected because of

similar results with other bodies. In order to show the manner

in which this decrease takes place the drag coefficient has

been plotted a$@inst the”parameter in Figures 3b to 7%, for

constant values of the lift coefficient CaZ 0, Q, 8~, and

120● The ordinates are for the Profile resistance CWO, i“es, .
.

the total resistance minus the induced resistance, thus that

portion of the abscissae of thepolar curve lying between the

polar and the parabola. These cyrtiesshow clearly the action

of the law of similitude, for .geometricallysimilar models of

varying sizes actually have the same resistance coefficient. “

for equal values of the parameter E. The discrepancies at

,
low parameters and for lift coefficients Ca= O and Ca = -

120 are easily explained by imperfect geometrical similarity,

both in form and in surface finish. These particular condi-

tions however are of but small practical importance.

The curves show that the parameters used in current prac-

tice yield somewhat too high values of the resistance coeffic-

ient. A general expression for the value of the resistance

coefficient in terms of E is not yet available. As soon as

more data are collected the relation between these two quanti-

ties qill be more carefully investigated. It is noteworthy

that the profile resistance coefficients measured for high val-

ues of E are noticeably smaller than the frictional resist-

ance coefficients now being used. One might try to explain

this by assuming that the discs and labyrinths near the ends

~~. Betz. Einfluss de~ Spamnweite und Fl&.chenbelastungauf
Luftkrtiftevon Tragflachen. T.B.I,,Ikft 4 Q Q=
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of the Wings gave rise to an up wind force because of the pres-

sure difference, thus causing too low resistance measurements

to be made. This explanation is unsatisfactory however for at

the angle of zero lift, where, because of the absence of pres-

sure difference between the upper and lower surfaces there can

surely be no such up wind force, the profile resistance remains

just as small, at least as long as the air stream along the

pressure side is not turbulent. See for example profile 358

which is the onry one the results on which are doubtful. It

ts also possible that in evaluating the customary frictional

resistance coefficient an accurate distinction was not success-

fully made between profile and frictional resistance. In sim-

ilitude experiments now being prepared this phenomenon will be

more fully investigated. Preparations are like-wisebeing made

for research on the frictional resistance of smooth surfaces.*

The lift coefficients depend on the value of the para-

meter to a much less degree than do the resistance coefficients-

(See Figs 3b to 7b). For angles of incidence from 0° to 9°,

which is the range of practical interest, and for a parameter

greater than 4000 m/see. mm. the lift coefficient may be as-

sumed independent of the parameter. Below this value the be-

havior of the different profiles varies. For most of them Ca

* These friction tests have been ccmpleted and have confirmed
the accuracy of the usual friction coefficient. The cause
of the abnormally small profile resistance lies in the fact
that the induced resistance (see page 7) caused by the de-
flection of the air stream was calculated some-~at too
large as the
wing and the
relationship
holds except
increased.

influence of the small clearance between-the
nozzle (about 1.1 m.) had been neglected. The
between Cm and E shown in Figs. 3b to 7b still
that the absolute value of Cwo is somewhat
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decreases with increase of the parameter, while for me (#358)

it clearly increases. The lawof similitude also applies to

this variation in Ca excepting for profile #355. The trail-

ing edge of the large model of this profile was very weak and

flexible so that there was a possibility both for incorrect

measurement of the angle of incidence and for deformation of

the profile under wind pressure. The angles of incidence are

less accurately held for the large models than for the medium

sized ones because the wires supporting the trailing edge are

longer and pass over several pulleys and hence stretch more un-

der load, allowing the wing to turn under the force of the

wind, so that the singleof incidence during the test is not ex-

actly the same as that to which it was adjusted in still air.

With the smallest models it is not always possible to prevent .

a small change in angle because of the bending of thin trailing

edges. While these errors mean little in ihemsel.vesthey nev-

ertheless largely explain the discrepancies between the curves

for the different sized models on the Ca - E c~rts.

The moment coefficients, depending as they do mostly on

the lift, are nearly independent of the parameter.

Finally, it will be noticed that there is a variation in

the values of the maximum lift coefficient obtained for various

vakues of the parameter. This is shown on the polar curves

and more particularly in Figures 3C - 7c. The large models es-

pecially show an increasing maximum for high values of the par–

ameter. A compre~nsive explanation can not yet be given for

this phenomenon, *ich is in practice of no importance.



TABLE I

E:
K.w, w,

CWO for Ca = : Ca for a z
~m~a:

:m/s.mm: o 40 ~0 120 : 0 ~ 6 9 12
:Ca mm,

Eodel Ho. 10@l : 5 : 600 : 2.9 1.25 2.6 --- ~-24.8 kj.g 63.0 $$1.9 93,0: YJ
b= 720 mm.:10 : 1200 s 3.5 2,o5 2,8 ---- ; u3. i3 39.6 60.6 79.3 92.6 :
t 120 mm :20 : 2400 : 2.3 l,oq 2,3 --- : 1 ,2 37.5 59,4 79.3 yq : 101

Mew Wi~d Tunnel :35 : 4200 : 201 20,85 2.2 --- : 1 ,2 “36.9 5i3.g 77.8 . : 103

k)del NO, 1081 : : :

(lld Wind Tunnel : 9 : l(MO : 2,7 1,45 2,3 --- : l&!,g 39,1. 64,2 $34,5 yq.o .! 105

I&ode; No. 1135 : ; : .
s 1000 m. :m : 2000 : 2.7 1,45 3.2 --- ~“16,0

t
37.7 Y3W8 77”.g 90.7 :. ;3

s 200 mm,:25 : 5000 : 2.3 1.15 2.5 -+- : 35,2 ~$~ 93,4 7g.6 93.2 :
new Wiml Tunnel :40 : 8000 : 1.9 O.gs 2.2 --- : 15.1 . 57,2 7860 93,0 : 99

,
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TABLE 2.

11.W.F.
:V: F.: ho for C& . : Ca for a = ; Ca ~~
:m/s:m/t3,mm: 0 40 go 120: 0 3 6 9 12 .

Pzofile No, 355’ 5 : 000 ‘
2

3.6 1,45 2.6 g,4: p,$
MIXml No* 1050:10 : 000

60,0 79,0 96.7 lo9,&’: 120

: 3.4 0.95 1.7” 6.4: 36,E? 6&.~ ;~,~ ;;;.; 116.6: 121

,“ppmm.:zo :Ipooo : 3.0 0.75 1.1 4.7: 3 .8
J

120.6: 123
00 lJw!.:35 :21000 : 2.

i
0.55 O.g ~1: ~~:: ;cI$I~ 119.4: 125

New VliidTunnel :50 :30000 : 2. 0“35 O*9 $::~: 31: . * , --- :

~odel No, 10g2 :“5 : 600 : 3.4 2.75 3,0 ---: 2~,2 54,0 83.1 95.1 104.3: 105
b=720 mm. :10 : 100 : 3.2 1.35 1.5

t
---: 3 ,6 59,9

$3 .3 55.0 %:3 ~z:~
10 .1: 110

0.95 1.5 ---: i
mW ;i~fil;=i ;~~ ; 62%.; $;; 0.95 1,5 ---: 32,1

10 ,8: 105
53.1 74,2 91.3 106.4: 110

Model No. 10g2 .: :
Ol&.l?in&Tunnel : 9 : 10~0 ; 3,3

.

1.55 1.8 ---~ 34.6 60t2 J32,$ 99.2 111.9; 115

?d@el No. 1136 : ● :
b= 1000 mm,:lo ; 2000 : 3,3 1,15 1,4 --.-: 34,g 54,8 75.4 90,6 100.7: 10
t = 200 mm. :25 : 5000 : 3.5 0,95 1,6 —-: 32.8 54.2 73.1 90.2 102.3: 10z

Mew Wind Tunnel :40 : ~000 : 3,5 0..95 1.4 ---: 30,9 53,5 73,7 91.3 104.5 mg
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TABLE 3.

:
:E; Cm for Ca s :

:V. Ca for a . ;Ca &.
E“,”w,l?,

:m/f3:m/a.mm; O 40 go 1?0; o q 6 ~

;Ig : 3000 : 5:7 1.75

12 :

l?rti=~leNo, 356 1.3 ;,: : 36,3 60,0 g>.3 106,
Model No, 1051 : 6000 : 5,6 i

118.6: 122,o
1’5 : 36,2 61,3 ~ ,0 105, 120,6: 1 5,o

b= 1 00 mm, :20 :12000 :
2

5.3 ?:2: 1.1 ;:~ : 2 236.4 63.2 g .9 :i~,~ 127.0: 1 3,0
t- oomm, :35 :21000 : 5,3 1,65 ;,: : 35,~ 62.1 : .:

z
127,7: 141,0

New wind Twmel :50 :30000 : 5,5 1,35 , 114 : 32,2 59,9 , lo5:~ --- : ---

MOa%l No, 1CM3 :5: 600 : 4,1 2,75 2.2 --- : 27,3 i?i,6
2

6,0 101,5 116,1: 116.0
b= ~;X& mm;;; : 1200 : 5,3 2,95 ~,f --- : 41,3 2,6 $,; 101.8 115.0: 1M,5

: 400 : 5,1 2.05
I?ewk;d ‘I@nel t

: 39,3 61.
:35 : aoo : 5.2 1.95 1:2 ~~~ : 3710 59. i

103.7 115,3: 119,0
$1;7 100, s 113.9: 119,0

I!ko%eJ No. 1083 :
CM W&nd Tunnel : 9 ; 1080 ; 6,0 z,75 1,7 3,1 ; 46.4 6g,4 ga,3 113,4 126.6! 130,0 ~

I&M81 No. 1137 : :
b : 1000 mm, :10 : 2000 : 5,0 l,g5 1,3 --- i ~,0 6j:~ i36,0 104,L? 115,4; 117,0 ‘

- 200 mm, :25 : 500a : ,0
New ~ind !l?pnnel ?

1*3 --- : 40,9 64bg K);:;
:40 : moo : ,9 ~:~~ 1,3 4.2 : 39,2 2

115,2: 119,0

2,3 134.3 116,5; 122,0
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TABLE 4.

‘V:E: CWO for Ca = ~
.

M.v.A.
Ca forag

!rnje~rnls.mm;o 40 80
:Ca m

120 ; o 3 6 9 12 :

Model No. 1084 :5:600: 3,6 2.35 ;,~ --- : 35,5 57,t3 77.6 ;3s; ;&J ; ;;$
b = 720m. :10 : 1 00 : 3,1 2.15

= 120 mm, t
: 37,0 *.4 .!33.0

:200 : 3.6 1.75 ;:; ;~; : 30.3 ~$,; ~’. $ !&; 112;6 : Wo
New &nd Tunnel ;~ : 42oO : 3,7 1.75 , 5,4 ; 29,5 . . . 113,4 : 120

Model No, la4 : :
@~d wind ~el : 9 ; ~o~o : 4.7 2,15 2.0 4,4 : 33.13 56,4 m.o 103.2 120.0 : 122
—.

Model- No. U3t! : : ,;
b= 1000 mm, :10 : 2000 : 3.L? 1.95 1,6 --- : 30,0 52,5 75.3 92*8 104,5 ; 107

t 200 mm, :25 : 5000 : 3,4 1. 5 ;.; --- : 2t?.6
2

51.2 72,0 92*2 105,8 : m

New Wi~d Tunnel :40 : gooo : 3,4 1. 5 . --- : 2g.3 50,8 72.4 92.4 107.4 : 113
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TABLE 5 I
p:y ew~ for c~

: :
C* fOT &t =

M.V.A,
40 60 120 : -3

:C
:m s:m/s. mm: O 0 3 6 9

: a max,

Profile No.
?
9 :J ; ~:: ; ;.3 1405 ;*Z

t
3.0 : 37, t3 &: g2.

i

102.9 121.1: 1!2
Moddl No, 10 3

.?
0175 :3,6 123,6: 150

H i
t33, 105.9

b= :20 :12000 : 1:
t = t%”u%’ +35 :21000

0,65 0:9 : ~k.; 60:7 8 .
2

;:g. : 127,0: 1

: 097 o,r5 o,g 1,3 : 8 .2 ?12L3.2: 1 5
New Wind Tunnel :50 :30000 : 0,4 0,?5 0.4 1.1 : 31:1 %7 g3,2 107:3 12&!.2: ---

I

I
Model No. 10g5 :
Old Rind Tunnel : 9 ! logo I 2.9 2,25 2,3 2.9 i 34.7 60,0 82.9 105. O 127.0! 141 ‘

-’l
Model NO, 1139 : : :

1,4 2,4 ; 117,7; 126
I

b= 1000 mm. :10 : 2000 : ZW9 1*55
%

;: 5ti,9 100,3
- 200 mm, :25 : 5000 : 2.3

New ~ifid Tunnel :kO : 8000 : 1,5
1.15 1,4 ;.? :

z

j ;;;! 100,9 n6,$: 127

0.95 1,1 . : 35.4 . 101,1 117.6: 131
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